m. 



(19) 



J» 



BEST AVAILABLE COPY 



Europaisches Patentamt 
European Patent Office 
Office europeen des brevets 



li 



(12) 



(11) EP 1 081 774 A2 

EUROPEAN PATENT APPLICATION 



(43) Date of publication: 

07.03.2001 Bulletin 2001/10 

(21) Application number: 00307376.4 

(22) Date of filing: 29.08.2000 



(51) Intci7 H01L 51/20 



(84) Designated Contracting States: 


(72) Inventors: 


AT BE CH CY DE DK ES Fl FR GB GR IE IT LI LU 


• Bao, Zhenan 


MC NL PT SE 


North Plainf ield, New Jersey 07060 (US) 


Designated Extension States: 


• Chen, Xiaochun Linda 


AL LT LV MK RO SI 


Parsippany, New Jersey 07054 (US) 


(30) Priority: 01.09.1999 US 394524 


(74) Representative: 


(71) Applicant: LUCENT TECHNOLOGIES INC. 


Watts, Christopher Malcolm Kelway, Dr. et al 


Lucent Technologies (UK) Ltd, 


Murray Hill, New Jersey 07974-0636 (US) 


5 Mornington Road 




Woodford Green Essex, IG8 0TU (GB) 



(54) Process for fabricating polarized organic photonics devices 



(57) A polarized organic photonics device, including 
an LED or photovoltaic device, is comprised of a first 
conductive layer or electrode coated with a friction trans- 
ferred alignment material, a photoactive material, and a 
second electrically conductive layer or electrode. The 



alignment material provides for the orientation of the 
subsequently deposited photoactive material such that 
the photoactive materia! interacts with or emits light pref- 
erentially along a selected polarization axis. Additional 
layers and sublayers optimize and tune the optical and 
electronic responses of the device. 
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Description 

Field Of The invention 



EES «. J ? !f th i SC, T Ce and techno, °9y of generating and harnessing light and other forms of radiant energy 
whose quantum unit ,s the photon. The science includes light emission, transmission, deflection ^m^ JZ 

££2? * lnStruments ' lase * ^ other light sources, fiber optics, SS^ST^ 

mentation, related hardware and electronics, and sophisticated systems. The range of technical applS^of nto 
on.cs to devices extends from energy generation todetection to communications and informa ion SSKai22" 



Technology Review 



SSSL,?! 9 based photon.cs devices have been under development for more than 12 years and offer many 
potential advantages and opportunities for improved devices. For example, organic electroluminescence^ the emte^Z 
of l.ght ,n response to an electrical current) has been used in display technology In such VSHS^M 
which posses the ability to emit light when electric current is passed through them are organized as thX^ ween 

Tc^^ 

[0003] Organic materials are useful for other photonics devices as well. For example, the need to develop efficient 
low-cost photovoltaic devices (devices that convert light into electrical energy) has stimulate Research ^efforts usfn a 
orgamc ma era.s as or as part of the photoactive media. Photovottaic devices based on organic materfals such as 

the IlrTh sem / conductors Compared to inorganic semiconductor counterparts, organic maters cSer 
the advantages of h>gh photosensitivity, high optical absorption coefficients, and compatibility with vacuum deposit 

oroS ^, SeS : ,n9 '"t P !! ential ,ar9e area ' thin " film dSVfceS that can be P rodu ~ d - * -odes, cos, Furth^e 

ssx^srssr fiexib,e or shaped substrates ' wwch m - - - - ~- 

30 b^nio^i ,a ^ ina, ; g feature ° f or 9 anic materials is P^ntial for controlling macroscopic material properties 

l^^l^JZirrV™ °l m ° leCUleS F ° r SXamp,e ' a " 9nment of an organic material along a given 
axis can yield preferential absorption and emission along that axis. LEDs using aligned photoactive materials which 
can emit polarized light will be particularly useful as backlights for conventional Squid crystal 335 K7l2?S 
hese systems 50% of the emission of an unpolarized light sources is typically lost due to polarizaton based fil erina 
^es^^^ 

aevices, sucn as LEDs integrated with microcavrties and waveguide structures 

t^fBS^^S^T 8ChieVin K PO ' ariZed e,ectro,uminesc ^ce by aligning the organic emitters have 
Deen reported. However, all of these approaches are non-general, have difficulty controlling film thickness and uni 

a : e r t COnSUmin9 ' F ° r eXamp,e " th6re iS the **" c ^ a PP roa ^ devices based on tWs method are 
TonTch ^1 h k 6109 ^ fr ° m mat6rialS that afe ,iquid cr y stals - E P rtaxial arowth « rubbed substrain another 

SSSLSJVT 6mPted ThiS iS aPP ' iCab,e 10 USe With smaM or 9 anic mo,ecul ^ whi^can be 

vapor deposited An elongation approach has also been tried; but this method is competed and film thickness and 
un.form.ty are difficult to control. The Langmuir-Blodgett method has also been used to develop polariTed electSum? 

SS^Sr y ^ K SPeCMy — » — " a ™ h "e 
SZZZL f eCtf °T °: ganic devices ^veloped using a poly(tetrafluoroethylene) (PTFE) oriented film as a template to 
No 5 £ ZTs iZ Id ntati ° n ? de P° sited ™™ ^ve been reported. See Katsuya vSktta Pat 

No. 5,546,889. Such devces are, however, fundamentally limited to electronic devices such as field effect transistors 
because among other reasons, the electrodes used in these devices are necessary co-planar and henceT Tinap 

staked 2*TT d T ea , M ° reOVer ' b6CaUSe the e ' eC,r0deS are CO -P ,anar - » is "<* ^ible to p^pare muS 
h electrodes. Furthermore, Wakrta is limited to purely electronic devices and doL not enab e 

these anH 2TT T° *" n ™ m P hotoactive "—'W "or for any electrodes to be transparent Absem 

Wat^ " sZJmZZT^?™ 6 " T SUitab,e<0r Ph ° t0niCS ^" he Electronic device'developed by 

thZThTh?PTPP , / phot ° n,CS "PPte""nt because it fails to overcome the problem of charge conduction 

T ^Tf 1 ,ayen iS electrical, y insu ^"9 That is, it fails to answer the question of how to use 

ToSr To 7 ' " a 9nm • en, With ° Ut C ° mp,etely inSUb,in9 Char9G COnduction in a " elec^nte device 

fSSSH 1° date, polanzatKin sensitive organic photovoltaic devices have not been reported 

[0008] For the foregoing reasons, there is a need for polarized organic photonics devices. Moreover there is a need 
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for a processing method that is simple and fast, applicable to a variety of organic and polymeric materials, yields high 
optical quality films, and easily achieves thickness of a few tens of nanometers. 

Summary Of The Invention 

5 

[0009] The present invention is directed to polarized organic photonics devices, and process for production thereof, 
that satisfies the need for polarized organic photonics devices, and processes for production thereof, as well as other 
needs. 

[0010] The process for fabricating a polarized organic photonics device beings with preparing a alignment layer on 
^o top of a first conducting layer or conducting substrate. The first conducting layer or conducting substrate serves as a 
first electrode in the photonics device. The alignment layer, typically a thin layer of an insulating, electron transporting 
or hole transporting material, is deposited by a friction transfer method. This layer provides for the alignment of sub : 
sequently deposited organic and polymeric layers, necessary for polarized emission and absorption. Following the 
alignment layer, a conducting polymer may be deposited onto the alignment layer. This step may be carried out at 
*5 elevated temperatures to enhance the uniformity of the deposited layer. Next, a photoactive material is deposited. As 
used herein, a photoactive material is a material that interacts with or emits light. This step may also be carried out at 
elevated temperature, to enhance uniformity and to further increase the alignment of the photoactive material to the 
preferred direction defined by the alignment layer. Finally, a second conductive layer is added to yield a polarized 
organic photonics device. The second conductive layer serves as a second electrode in the photonics device. 
^ [0011] Specific advantages of the present invention include, among others, the folbwing: 

(i) A simple method of generalized applicability for creating polarized organic photonics devices. 

(ii) Organic photonics devices with enhanced efficiency due to the polarized response of aligned photoactive ma- 
ss terial. 

(iii) Organic photonics devices with enhanced selectivity due to the polarized response of the aligned photoactive 
material. 

30 (iv) The ability to simultaneously align organic or polymeric species using a layer of a alignment material that may 

be electrically insulating without eliminating charge conduction through the alignment layer. 

Brief Description Of The Figures 

3S [0012] Figure 1 shows the cross section of an embodiment of the invention as a four layer polarized organic light 
emitting diode. 

[0013] Figure 2 shows the cross section of an embodiment of the invention as a five layer polarized organic light 
emitting diode, which includes a conducting polymer layered between the alignment material and the photoactive ma- 
terial. 

40 [001 4] Figure 3 shows the cross section of an embodiment of the invention as a polarized organic photovoltaic device. 
[0015] Figure 4 shows the chemical structures of some of the species used in the polarized organic photonics devices. 
[0016] Figure 5 shows the polarized micrographs of a photoactive polymer cast on a substrate with a friction trans- 
ferred PTFE alignment layer. 

[0017] Figure 6 shows the parallel and perpendicular absorption spectra of a PPV12 film cast on a substrate with a 
45 friction transferred PTFE alignment layer. 

[0018] Figure 7 shows the parallel and perpendicular photoluminescence spectra of a PPV12 film cast on a substrate 
with a friction transferred PTFE alignment layer. 

[0019] Figure 8 shows the parallel and perpendicular electroluminescence spectra of one embodiment of the inven- 
tion as an LED using 1G6-OMe as the photoactive material. 

so 

Detailed Description Of The Invention 

[0020] The polarized organic devices described herein and the methods for their fabrication are based on forming a 
sequence of stacked layers of selected materials in a selected order The thickness of each of the layers depends on 
55 the material and the intended device application. For the limited purpose of describing the layer ordering and the 
structure of the photonics devices and their formation, except where specified otherwise, layers as used herein are 
understood to be quasi 2-dimensional objects such that they essentially have only two surfaces. Thus, when, for ex- 
ample, layer B is formed or deposited on an outer surface of layer A, only one outer surface of layer B remains exposed. 
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^Ts^ulZeiu£TZT^! OT ?t SUrfaCe ° f ^ B " iS unde ^ that the configuration described 

L J«Z ?Z V CkSd thS Un,QUe ° rder A " B - C Additionally, it is understood that any layer unless 

specified otherwise, may consist of a sequence of sublayers 

SSirJ? 6 Pr °l eS f ,or , ,abrica,in 9 a P° ,arized or 9anic photonics device comprises the steps of preparing a sequence 

KTSTiST h T t0 ° rient Ph0t0ac,ive materials - *** are subsequently deposited mto tne p re^ous 
&X^ b °»2T^ 33 3 S6COnd e,6CUOde ^ ^ ~ -vice,, P Ze°by 

n^Snic^ 6 , a " 9nrT ! en1 lay ! f pr ° VideS f ° r the ali 9nment of subsequently deposited organic and polymeric layers a 

^eved^^jT^ TT T d ,!° Prepared the a ' ignment layer on ,he e,ectrica,| y cond "*ve substrate is 
Sstrate anc KS, •! ST (Pe " et ' ^ in90t ' r0d ' SUCk ° r the " ke > of the ali 9" ment rmmm against the 
SnSJ ^ ? dra 7' n9 , the so,,d a "9"^nt material across the structure in a selected direction under a pressure suffi 

^t^'nSSlS!?' a,i9 Tf ma,erial onto the substrate The se,ected direcfon " ' he KZS 

*n! , 9 » . necessar,lv - a s,n 9'« "near axis, provides an orientation direction for the alignment of subseauen 

should be less than 10 nm. More preferably, the average thickness should be less that 1 nm V 
E JlT Pr , e , mbodiment - ,ol,owin 9 the alignment layer, an electricalfy conducting polymer may be de- 

^SXSITZSZ'^ *? T 66 r ied ° Ut * e ' eVated te -P^-s to enhanced uSrmlty of 
ori2SS!i5l» Al,emately ' tne condu ct.ng polymer may be deposited at room temperature, or below to yield 
SSSSISSS^ w re9 ' 0nS "? ,SSS PTFE ' " ° ther a,i 9n^nt material. In this latter method the add-on oTthe 
2222- 9 P °f meryie,ds a more unrfo ™ base for subsequently deposited layers. This step of depositingan e Sricallv 
thTrn h t ^ be Carried ° Ut USin9 a gaseous-phase, aerosol, casting or melt methoa U is preferab e thm 

the conducing polymer ,s poly(3,4-ethy,enedioxythiophene) (PEDOT), po.yaniline, poiypyrrole^r 

and conducting polymer b.-layer structure, onto the bi-layer structure, a photoactive material is debited t!T nlZ 
ZSZF™? AS u 8 mU ' ti ' layer StrUCtUrS - ' n ° ne Purred embodiment ^SS£^SS^^S^ 
T^ZTTT^ betW6en 3 h °' e ,ransportin 9 material on one sideandorar -^iSSSjSSJ 

S.e^mLTeTfb^f ,' * *" " POlym6riC materiaL " the P holoactiv « Serial is an organic 

, P ^ WS mate " al ,S 8 K may be a ri 9 jd - "near conjugated polymer. Preferably the pho! 

v^reHP^ 

nylene-1,4-pheny.enevinylene}(1G12-S;. b ' s l 3 . 4 .5-tns(n-dodecan-1-yloxy)benzyloxy]-1.4-phenylene}vi- 
S^S ». Th , e ph0t0aCtive maten ' al ma V also be ble nded °r layered with other materials to enhance or modify the optical 

TJ^Zh^T ? I' 6 f 0tonfcS ^ FOf embodi ™* °< *ne present invention thS^e by S 
absorpfon of l.ght. such as photovoltaic devices, fullerenes are a suitable additive to the photoactive material to en 
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hance device response. In the present invention, f ullerene means a carbon allotrope, which is also called carbon cluster. 
The fullerenes hitherto known are those having such molecular formulas as C 60 , C 70 , C 76 , C 78 , C e2 , C^, C 90 , Cqq, etc. 
In the present invention, a mixture can be used which comprises two or more of these fullerenes. Of these, preferred 
for use in the present invention are C 60 and C 70 , and particularly preferred is C^. Substituted fullerenes, fullerene 
s derivatives, polymers comprising fullerenes or substituted fullerenes may also be blended or layered with the photoac- 
tive material. 

[0029] The deposition of the photoactive material may also be carried out at elevated temperature, to enhance uni- 
formity and to further increase the alignment of the photoactive material to the alignment layer or bi-layer. This step 
may be carried out by contacting the photoactive material with the alignment layer (or bi-layer structure) with the pho- 
io toactive material in a gaseous phase or as an aerosol, from a solution by a casting method, or as a solid by melt 
processing. In one preferred embodiment, the substrate is heated to a temperature above the boiling point of the 
solution used to cast the photoactive material onto the alignment layer (or bi-layer structure). This method is valuable 
in that it induces alignment of the photoactive material beginning from the substrate. 

[0030] It is preferable that the first and or the second electrically conductive layers, both of which serve as electrodes 
is for the device, be transparent or semi-transparent to light. Possible conductive layers include indium tin oxide (ITO) or 
a conducting polymer, both of which may be optically transparent. The electrically conducting layer may also be a metal 
film, such as gold, aluminum, silver, or copper. If this layer is to be transparent, or substantially transparent, then the 
metallic layer may be relatively thin and still conduct electricity but also transmit light. One of the conducting layers 
may also be reflective, or semi-reflective, or selectively reflective, to, for example, direct unabsorbed light back into 
the active material, in the case of a photovoltaic device, or to direct emitted light out of the device into a preferred 
direction, in the case of a LED. 

[0031] The first electrically conductive layer is preferably formed on a substrate. This substrate may be optically 
transparent or semi-transparent to allow light to enter and or leave the device. The substrate may be any shape. It 
may preferably be substantially planer, concave, or convex. The shape of the substrate, as well as its other material 
25 and optical properties, may be chosen and or designed to control the transmission and or reflection of light into and 
or out of the device by, for example, focussing, collimating, or diverging light. Additionally, the conducting layers may 
be conformal with a surface of any arbitrary shape. 

[0032] For certain applications, such as photovoltaic devices, it is preferred that the two electrodes have different 
work functions. 

30 [0033] The polarized organic photonics device may be designed to perform a number of functions. Among these 
functions, the device, for example, may be used as a polarized organic light emitting diode. Figure t depicts one 
embodiment of the current invention in the form of a four layer LED. Substrate 10 serves as a support for a transparent 
electrically conductive electrode 1 1 made from ITO, which is coated with a friction transferred PTFE layer 1 2, and onto 
which a layer of photoactive material 13 has been formed, an aluminum electrode 14 is the final layer in the stacked 

35 sequence and the device can be operated as an LED by applying an electrical signal across the circuit 15 connecting 
the two electrodes. 

[0034] Figure 2 depicts one of the preferred embodiments of the invention in the form of a five layer LED. Substrate 
20 serves as a support for a transparent electrically conductive electrode 21 made from ITO, which is coated with a 
friction transferred PTFE layer 22, and onto which a conducting polymer layer 26 has been formed, and onto which a 
4o layer of photoactive material 23 has been formed, an aluminum electrode 24 is the final layer in the stacked sequence 
and the device can be operated as an LED by applying an electrical signal across the circuit 25 connecting the two 
electrodes. 

[0035] The polarized organic photonics device may also be designed to be a polarized photovoltaic device. Figure 
3 depicts one of the preferred embodiments of the invention where the device is a photovoltaic device. Light enters 

45 the device through an optically transparent substrate 30, which serves as a support for an optically transparent elec- 
trically conductive electrode 31 , onto which a friction transferred PTFE layer 32 has been formed, and onto which a 
layer of the photoactive material 33 is formed, and with the final layer in the stacked sequence is a second electrically 
conductive electrode 34. A photo-induced electrical signal may be measured or an electrical load may be driven in the 
circuit 35, which connects the two electrodes. 

so [0036] Figure 4 depicts the chemical structures of some of the chemical species that may be used in the polarized 
organic photonics devices of this invention. 

[0037] The examples are provided for illustrative purposes only, and are not intended to limit the scope of the present 
invention, which is defined in the appended claims. 



[0038] This example demonstrates the process of preparing polarized organic photoactive layers by casting on a 
friction transferred PTFE treated substrate. First, PTFE was rubbed on glass substrates. Photoactive polymer layers, 
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approximately 100 nm Ihick, were then deposited on the PTFE treated substrates by casting from solution Polarized 
myographs of PPV, 2 and 1 G6-OMe. the structures of which are shown in Figure 4. prepared according to this method 
££ZL£ m 9Ure h P ; FE 1 COm P° nent is suffici ^ly thin and colorless and does not contribute'signiffcant to 

Tle ^rL 7* T^l P ° ,ar,ZerS - Wh6n ,h6 film 15 r ° ,ated and the PTFE ,riction directi °" * denied parallel 
to the polar.zer. almost complete ext.nct.on of the transmitted light is observed. This indicates that most polymers are 
onented parallel to the PTFE friction transfer direction. poiymers are 

[0039] Figures 6 and 7 show Ihe parallel and perpendicular absorption and photoluminescence spectra from thin 
alonnThi T PPV12 f hl ° raform °" PTFE rubbed glass substrates. Intensities of at^tio and emTssTon 

T^L ZTJT " d, [?<?™^ ai W are ™<* ^9her than those obtained from the perplndicu.ar 55? 
The ratios between the parallel and perpendicular are 4.1 to 1 and 6.7 to 1 for absorption and emission respectively 
rrv3 ^ nS u r ,he ,i,m aft6r P hotoexcitali °n Probably causes the difference between the two™ toT r8SpeCt,Ve,y 
[0040] Each material deposited on the PTFE treated substrates exhibits polarization-dependent UV-vis absorption 
and fluorescence. The intensity was in every case maximum when the electric field vector was paraJ to The °PTFE 
fr.ct.on transfer direcflon, .ndicating that the conjugated backbones were preferentially aligned along the PTFE chlin 
ax.s. The effect of the s.de chains of the photoactKre material on the alignment was studfed by polarized I absoSfon 

Z e rZ GnCe SpecU T° P,eS - ' n ' P,ane diChroiC ratiOS (in,ensft y P aral,el vs - Perpendicular) for four polymers meS 
ured after be.ng prepared according the method described in this example are listed in Table . The structures ofihese 

S*5ST The ThT Fi9U r 4 i" P ° ,ariZed Ph ° t0aC,h/e P °' ymer fi ' mS Were pre " ared accordi "° tote 

this example. The th.ckness of each polymer film was approximately 100 nm. From Table I, it is apparent that fewer 

and smaller s.de cha.ns leads to greater anisotropy, which is indicative of a greater degree of photoactive materia 

alignment and onentation the film gets. The highest anisotropy was obtained in the thin film of ppv°2 

Table I 



Dichroic absorption and 


photo luminescence ratios for polymers cast on PTFE treated substrates 




L Dichroic Ratio 


Polymer 


Absorption 


Photoluminescence 


PPV12 


4.1 


6.7 


1G6-OMe 


3 


4.2 


1G12-S 


^ 2.7 


3.3 


2G6-S 


1.6 


1.7 
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£S?2«l demons ! rates h ° w the P r °cess of preparing polarized photoactive layers is used to yield a 

as tl 2? f M - e t mnm9 i ^ V ' Ce - F,rSt ' an ind *"rn-tin^xide (ITO) coated substrate, heated to 200'C, was rubbed 
as per the fr.ct.on transfer method wrth a solid piece of PTFE. Second, a thin film of photoactive material 1G6-OMe 
^OO^suSraJL^ 9 ^o"* 0 '* 6 Photoactive material in chloroform or tetrahydrofuran onto the preheated 
ffe film S5S«!"Jlf V ! 0i th ,' S pho1aactive ma,eria| . and others used herein, has been reported elsewhere 
The film th.ckness of the act.ve matenal was approximately 1 00 nm, as measured by a profilometer wito 1 nm resolution 

£ £EZ f2 ?m' f S° rPti °K n meaSUrements The -u'ti-iayer structure was cried in a vacuum ovenTeTc 
or 24 hours. F.nally, 100-130 nm thick aluminum electrodes were vacuum evaporated (at 10-6 Torr) onto (he actjve 
layer. The structure of this device is shown schematically in Figure 1 . 

EES? ,h Fi9Ure 8 Sh0 T! thS ^^luminescence (EL) spectra of this device. As described in the fabrication steps 
™ sequence of layers is: ITO / PTFE / 1 G6-OMe / A1 . The EL measurement was made in the ambient env" 
ZZ7h . r °° m t t rnperatUre ^ m easurement was taken in sequence such that the EL measuremen t 
parade d.rect.on was token after the measurement from the perpendicular direction. The lineshape of the EL spec Z 
.s .dent.cal to both the photoluminescence (PL) spectrum and a non^.igned, unpolarized LED with teyers in The se 
quence of ITO 1G6-OMe / A1, indicating that the PL and EL are from the same species. An anisolropy (ie ratto 
.ntensrty parallel to perpendicular) of 2.6 in EL was achieved wfth the aligned, polarized photonics device oh is e " 



55 EXAMPLE 3 



[0043] This example demonstrates the relative enhancement of the preferred embodiment that includes a layer of 
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conducting polymer interposed between the alignment layer and the photoactive layer. This example further demon- 
strates that, as unique from all prior art, friction transfer alignment layers can induce alignment in organic and polymeric 
layers even when an additional organic layer is interposed between them. Under conditions essentially identical to 
those of Example 2, it was found that devices with a PEDOT layer interposed between the PTFE and the photoactive 
material have superior performance in terms of stability, quantum efficiency, and brightness. A device of this structure 
is shown schematically in Figure 2. Devices with the structure ITO / PTFE / PEDOT / 1 G6-OMe / A1 have comparable 
quantum efficiency (2.0 x 10" 3 ) to unoriented LED devices without PTFE treatment such as ITO / PEDOT / 1G6-OMe 
/ A1 (quantum efficiency 2.2 x 10" 3 ). Devices with a PTFE alignment layer but without the addition of a conducting 
polymer layer, such as ITO / PTFE / 1 G6-OMe / A1 , have lower efficiency (1 .0 x 1 0' 3 ). These results, along with those 
of Example 2, suggest (1 ) current can pass though PTFE layers, probably by tunneling; and (2) PEDOT helps current 
injection and improves EL performance. 

EXAMPLE 4 

[0044] This example illustrates one of the preferred embodiments of the invention wherein the polarized organic 
photonics device is a polarized organic photovoltaic device. In this embodiment, the active materials here can be a 
single component, blends or multilayers, and can be aligned with the help of PTFE layer. In Figure 3 the light absorbing 
active materials sandwiched between two conducting electrodes, at least one of which should be transparent or semi- 
transparent (for light to pass). Although not intended to be limited by theory, when the light is shined on the device 
(through the transparent electrode), the absorbed light energy (absorbed by active materials) first results in the highly 
efficient generation of excitons (electron-hole pair) in the bulk film of the photoactive material. Due to the concentration 
gradient, these excitons diffuse to a contact, impurity, interface (between component if single layer blend) or organic/ 
organic interface (if multilayer), at which point they dissociate into free carriers. Charge separation is followed by carriers 
transport to the contacts, which can then be collected in the external circuit (because of the potential difference between 
the two electrodes). In the device configuration of Figure 3, the active material is aligned along a certain direction 
defined by the friction transfer deposition of the alignment layer. The response to light polarized in this direction is 
stronger than other directions and absorption of more light leads to greater electrical signals. Table I contains the 
anisotropic absorption ratio for a number of active materials deposited on a friction transferred alignment layer. There- 
fore, this device is more sensitive than others since all chromophores can take part in absorbing light, in contrast to a 
device with randomly orientated chromophores where only light parallel to dipole moment of chromophores gets ab- 
sorbed. Furthermore, the device described in this example can detect the polarization of the light. 
[0045] The materials for the first electrodes in this device may be ITO, Au, Ni, and other semitransparent or trans- 
parent conducting materials. Materials suitable for the second electrode include any conducting materials, and need 
not necessarily be transparent. For applications such as photovoltaic devices, it is preferred that the two electrodes 
have different work functions. Materials for photoactive layer may be, for a single layer, a PPV12-C 60 blend. For a 
bilayer device, a suitable sequence of layers and materials is, for example: ITO / PTFE / p-type materials (e.g. PPV1 2) 
/ n-type materials (e.g. PTCDA) / A1 . In this configuration, because the work function of ITO is greater than that of A1 
electrons will go to the A1 electrode and holes will go to the ITO electrode. Alternately, the configuration could be: ITO 
/ PTFE / PPV12-n-type materials blend (e.g. C 60 ) / p-type materials (e.g. TAPC) / Au. In this configuration, since the 
work function of Au is greater than that of ITO electrons will go to the ITO electrode and holes will go to Au electrode. 



Claims 

1. A method of manufacturing a polarized organic photonics device, the method comprising forming a sequence of 
stacked layers by the steps of: 

(a) preparing a first layer having an outer surface, and comprising a first electrically conductive material; 

(b) forming a second layer having an outer surface, and comprising an oriented alignment material applied by 
friction transfer on said outer surface of the first layer; 

(c) . forming a third layer having an outer surface, and comprising an oriented layer of a photoactive material 
by contacting said photoactive material with said outer surface of the second layer; and 

(d) . forming a fourth layer comprising a second electrically conducting material by depositing said second 
electrically conducting material on said outer surface of the photoactive material. 
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2. The method of manufacture of a polarized organic photonics device according to claim 1 , 
wherein at least one of the electrically conducting materials is transparent or semi-transparent to light. 

3. The method of manufacture of a polarized organic photonics device according to claim 2, 
wherein at least one of the electrically conducting materials is indium tin oxide, a thin metallic film, or an 

optically transparent conducting polymer. 

4. The method of manufacture of a polarized organic photonics device according to claim 1 , 
wherein the first and second electrically conducting materials have different work functions. 

5. The method of manufacture of a polarized organic photonics device according to claim 1 , 

wherein the first electrically conductive material is prepared on a substrate. 

6. The method of manufacture of a polarized organic photonics device according to claim 5, 
15 wherein the substrate is transparent or semi-transparent to light. 

7. The method of manufacture of a polarized organic photonics device according to claim 5, 

wherein the substrate is substantially planer 

20 8. The method of manufacture of a polarized organic photonics device according to claim 5, 
7wherein the substrate is concave or convex. 

9. The method of manufacture of a polarized organic photonics device according to claim 1 , 

wherein the alignment material has an average thickness of less than about ten nanometers. 

25 

10. The method of manufacture of a polarized organic photonics device according to claim 9, 

wherein the alignment material has an average thickness of less than about one nanometer. 

11. The method of manufacture of a polarized organic photonics device according to claim 1 , 

30 wherein the alignment material is selected from the group consisting of poly(tetrafluoroethylene), poly(phe- 

nylene), polyethylene, poly(dimethylsilane), poly(diethylsilane), poly(di-n-hexylsilane), poly(di-n-butylsi!ane) i and 
poly(methylphenylsilane). 

12. The method of manufacture of a polarized organic photonics device according to claim 1 , 

35 wherein the photoactive material comprises a blend or sequence of stacked layers of one or more photoactive 

materials. 

1 3. The method of manufacture of a polarized organic photonics device according to claim 1 , 

wherein the photoactive material comprises a photoactive material layered in a stacked sequence between 
40 a hole transporting material on one side and or an electron transporting material on a second side. 

14. The method of manufacture of a polarized organic photonics device according to claim 1 , 

wherein the photoactive material is an organic or polymeric material. 

45 15. The method of manufacture of a polarized organic photonics device according to claim 14, 
wherein the photoactive polymeric material is a rigid, linear conjugated polymer. 

16. The method of manufacture of a polarized organic photonics device according to claim 14, 

wherein the photoactive material is a member of the group consisting of poly {[2 : 5-bis(n-dodecan-1-yloxy)- 
1 ,4-phenylene] vinylene-1 ,4-phenylene vinylene}, poly {{2-methoxy-5-[3 , ,4 , ,5 , -tris(n-dodecan-1-yloxy)benzyloxyJ- 
1 ,4-phenylene} vinylene- 1,4-phenylene vinylene}, poly {{2-methoxy-5-[3 , ,4',5 , -tris(n-hexan-1-yloxy)benzyloxy]- 
1 ,4-phenylene}vinylene-1 ,4-phenylene vinylene}, poly {{2,5-bis[3\4\5Mris(n-dodecan-1 -yloxy)benzyloxy]- 
1,4-phenylene}vinylene-1,4-phenylene vinylene}, 1 ,2-bis(di-4-tolylaminophenyl)cyclohexane and 3,4,9, 10-peryl- 
enetetracarboxylic dianhydride. 



so 



ss 



17. The method of manufacture of a polarized organic photonics device according to claim 1 , 

• wherein the photoactive material is blended or layered in a stacked sequence with fullerenes, substituted 

fullerenes, f ullerene derivatives, polymers comprising fullerenes or substituted fullerenes. 
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18. The method of manufacture of a polarized organic photonics device according to claim 1 , 

wherein the photoactive material is contacted with the outer surface of the alignment material in a gaseous 
phase or as an aerosol, from a solution by a casting method, or as a solid by melt processing. 

5 19. The method of manufacture of a polarized organic photonics device according to claim 1 , 

wherein the alignment material is heated when the photoactive material is contacted with the outer surface 
of the alignment layer. 

20. The method of manufacture of a polarized organic photonics device according to claim 19, 

10 wherein the alignment material is heated to a temperature above the boiling point of a solvent used when 

the photoactive material is in solution when contacted with the alignment layer. 

21 . The method of manufacture of a polarized organic photonics device according to claim 1 , 

wherein the photoactive material further comprises a layer of an electrically, conducting polymer formed on 
1S the outer surface of the alignment layer by contacting a conducting polymer with the alignment material prior to 

forming a layer of the photoactive material. 

22. The method of manufacture of a polarized organic photonics device according to claim 21 , 

wherein the formation of the conducting polymer on the outer surface of the alignment material is carried out 
using a gaseous-phase, aerosol, casting, or melt method. 

23. The method of manufacture of a polarized organic photonics device according to claim 21 , 

wherein the conducting polymer is poly(3 : 4-ethylenedioxythiophene), polyaniline, polypyrrole, or conducting 
polythiophene. 

25 

24. A method of manufacturing a polarized organic photonics device, the method comprising forming a sequence of 
stacked layers by the steps of: 

(a) preparing a first layer having an outer surface, and comprising a first electrically conductive material; 

(b) forming a second layer having an outer surface, and comprising an oriented alignment material applied by 
friction transfer on said outer surface of the first layer; 

(c) forming a third layer having an outer surface, and comprising a conducting polymer on said outer surface 
35 of the second layer; 

(d) . forming a fourth layer having an outer surface, and comprising an oriented layer of a photoactive material 
by contacting said photoactive material with said outer surface of the third layer; and 

40 (e). forming a fifth layer comprising a second electrically conducting material on an outer surface of the fourth 

layer. 

25. A polarized light emitting diode produced according to the process of claim 1 . 
45 26. A polarized light emitting diode produced according to the process of claim 24. 

27. A polarized photovolatic device produced according to the process of claim 1 . 

28. A polarized photovolatic device produced according to the process of claim 24. 

29. A polarized organic photonics device, which comprises a sequence of stacked layers including: 

(a) a first layer having an outer surface, and comprising a first electrically conductive material; 

55 (b) a second layer having an outer surface, and comprising an oriented alignment material applied by friction 

transfer on said outer surface of the first layer; 

(c) a third layer having an outer surface, and comprising an oriented layer of a photoactive material on said 
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outer surface of the second layer; and 

(d) a fourth layer comprising a second electrically conducting material on said outer surface of and in electrical 
contact with the photoactive material. 

5 

30. A polarized organic photonics device as claimed in claim 29, 

wherein at least one of the electrically conducting materials is transparent or semi-transparent to light. 

31. A polarized organic photonics device as claimed in claim 30, 

10 wherein at least one of the electrically conducting materials is indium tin oxide, a thin metallic film, or an 

optically transparent conducting polymer. 

32. A polarized organic photonics device as claimed in claim 29, 

wherein the first and second electrically conducting materials have different work functions. 

is 

33. A polarized organic photonics device as claimed in claim 29, 

wherein the first electrically conductive material is prepared on a substrate. 

34. A polarized organic photonics device as claimed in claim 33, 

20 wherein the substrate is transparent or semi-transparent to light. 

35. A polarized organic photonics device as claimed in claim 33, 

wherein the substrate is substantially planer. 

2S 36. A polarized organic photonics device as claimed in claim 33, 
wherein the substrate is concave or convex. 

37. A polarized organic photonics device as claimed in claim 29, 

wherein the alignment material has an average thickness of less than about ten nanometers. 

30 

38. A polarized organic photonics device as claimed in claim 37, 

wherein the alignment material has an average thickness of less than about one nanometer. 

39. A polarized organic photonics device as claimed in claim 29, 

35 wherein the alignment material is selected from the group consisting of poly(tetrafluoroethylene), poly(phe- 

nylene), polyethylene, poly(dimethylsilane), poly(diethylsilane), poly(di-n-hexylsilane), poly(di-n-butylsilane) ; and 
poly(methylphenylsilane). 

40. A polarized organic photonics device as claimed in claim 29, 

40 wherein the photoactive material comprises a blend or sequence of stacked layers of one or more photoactive 

materials. 

41. A polarized organic photonics device as claimed in claim 29, 

wherein the photoactive material comprises a photoactive material layered in a stacked sequence between 
45 a hole transporting material on one side and or an electron transporting material on a second side. 

42. A polarized organic photonics device as claimed in claim 29, 

wherein the photoactive material is an organic or polymeric material. 

so 43. A polarized organic photonics device as claimed in claim 42, 

wherein the photoactive polymeric material is a rigid, linear conjugated polymer 

44. A polarized organic photonics device as claimed in claim 42, 

wherein the photoactive material is a member of the group consisting of poly {[2 ! 5-bis(n-dodecan-1-yloxy)- 
55 1 ,4-phenylene] vinylene-1 ,4-phenylene vinylene}, poly {{2-methoxy-5-[3 , ,4',5 , -tris(n-dodecan-1 -yloxy)benzyloxy]- 

1,4-phenylene} vinylene-1 ,4-phenylene vinylene}, poly {{2-methoxy-5-[3 , ,4',5 , -tris(n-hexan-1-yloxy)benzyloxy]- 
1,4-phenylene}vinylene-1 ,4-phenylene vinylene}, poly {{2,5-bis[3\4\5Mris(n-dodecan-1-yloxy)benzyloxy]- 
1,4-phenylene}vinytene-1,4-phenylene vinylene}, 1 ,2-bis(di-4-tolylaminophenyl)cyclohexane and 3,4,9, 10-peryl- 
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enetetracarboxylic dian hydride. 

45. A polarized organic photonics device as claimed in claim 29, 

wherein the photoactive material is blended or layered in a stacked sequence with fullerenes, substituted 
s fullerenes, fullerene derivatives, polymers comprising fullerenes or substituted fullerenes. 

46. A polarized organic photonics device as claimed in claim 29, 

wherein the photoactive material is contacted with the outer surface of the alignment material in a gaseous 
phase or as an aerosol, from a solution by a casting method, or as a solid by melt processing. 

47. A polarized organic photonics device as claimed in claim 29, 

wherein the alignment material is heated when the photoactive material is contacted with the outer surface 
of the alignment layer. 

*5 48. A polarized organic photonics device as claimed in claim 47, 

wherein the alignment material is heated to a temperature above the boiling point of a solvent used when 
the photoactive material is in solution when contacted with the alignment layer. 

49. A polarized organic photonics device as claimed in claim 29, 

*■ wherein the photoactive material further comprises a layer of an electrically conducting polymer formed on 

the outer surface of the alignment layer by contacting a conducting polymer with the alignment material prior to 
forming a layer of the photoactive material. 

50. A polarized organic photonics device as claimed in claim 49, 

25 wherein the formation of the conducting polymer on the outer surface of the alignment material is carried out 

using a gaseous-phase, aerosol, casting, or melt method. 

51. A polarized organic photonics device as claimed in claim 49, 

wherein the conducting polymer is poly(3 s 4-ethylenedioxythiophene), polyaniline, polypyrrole, or conducting 
30 polythiophene. 

52. A polarized organic photonics device, which comprises a sequence of stacked layers including: 

(a) a first layer having an outer surface, and comprising a first electrically conductive material; 

35 

(b) a second layer having an outer surface, and comprising an oriented alignment material applied by friction 
transfer on said outer surface of the first layer; 

(c) a third layer having an outer surface, and comprising a conducting polymer on said outer surface of the 
*f second layer; 

(d) a fourth layer having an outer surface, and comprising an oriented layer of a photoactive material on said 
outer surface of the third layer; and 

45 (e) a fifth layer comprising of a second electrically conducting material on an outer surface of and in electrical 

contact with the fourth layer. 

53. In a liquid crystal display having a means of illuminatioa the improvement comprising the use of the apparatus of 
claim 29 as a polarized light emitting diode for back-lighting. 

so 

54. In a liquid crystal display having a means of illumination, the improvement comprising the use of the apparatus of 
claim 52 as a polarized light emitting diode for back-lighting. 

55. In a photodetector having a means of detecting light, the improvement comprising the use of the apparatus of 
55 claim 29 as a polarized photovoltaic device for detection of polarized light. 

56. In a photodetector having a means of detecting light, the improvement comprising the use of the apparatus of 
claim 52 as a polarized device for detection of polarized light. 
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